Abstract: The running portion of the triathlon represents the final leg of the competition and, by some reports, the most important part in determining a triathlete's overall success. Although most triathletes spend most of their training time on cycling, running injuries are the most common injuries encountered. Common causes of running injuries include overuse, lack of rest, and activities that aggravate biomechanical predisposers of specific injuries. We discuss the running-associated injuries in the hip, knee, lower leg, ankle, and foot of the triathlete, and the causes, presentation, evaluation, and treatment of each.
T he triathlon event was started in the 1970s by runners attempting to enhance their running regimens with cross-training, presumably well aware of the multiple overuse injuries associated with long-distance running. 1 The very first Ironman triathlon (1978) had 14 competitors 2, 3 ; today, hundreds of thousands of athletes participate in >1000 triathlons, including dozens of Ironman-length triathlons each year in the United States. [4] [5] [6] Triathletes are more predisposed to injury than single-sport athletes, most likely because they may spend more hours of training overall and may have less expertise at 1 of the 3 events than would a dedicated single-sport athlete. 4 The amount of training, and therefore potential for associated injuries, varies by the distance of the triathlon (Table 1 ). In each of these distances, rigorous training is required to prepare for and successfully complete each triathlon component, the transition between events, and the mental and physical endurance required to complete all 3 events. Athletes training for longer distance triathlons (eg, Ironman) reportedly average 10.5 km swimming, 304.3 km biking, and 71.9 km running weekly. 2, 7 For the final stage of the triathlon, the run, competitors must not only face accumulating physical and mental fatigue, but also must regain their "running legs" after lower extremity exertion suspended in water and then fixed on the radius of bicycle pedals. When athletes are well trained for this running portion of the competition, it offers an opportunity to make up for lost time and gain an advantage over other competitors. In contrast, if the triathlete is ill-prepared for this final leg of the competition, the running portion of the race can result in a marked drop in ranks as other triathletes jog, run, or sprint past on their way to the finish line. The run may be the portion most predictive for overall success in the race. 8 It is more physiologically demanding than an isolated equidistant run, 7 and the cycle-to-run transition presents unique challenges related to the change between muscle activation (concentric in cycling, stretch shortening in running). 9 Therefore, proper training for the run must not be underemphasized, and neither should the many associated potential injuries. 10 In fact, although most of the time training for a triathlon is spent cycling, running injuries are the most common. 4, 11 In any 1-year period, >70% of runners experience an overuse injury, defined as a musculoskeletal injury that impedes running distance, speed, frequency, or duration, lasting >1 week. 10 In 1 study, 78% of injured triathletes identified running as the triathlon component in which they were unable to participate because of their injuries. 12 Evaluation of triathletes has revealed that 68% of preseason and 78% of competitive-season injuries were related to overuse and that 71% of the preseason and 78% of the competitiveseason overuse injuries were attributed to running. 11 
THE HIP
Hip injuries account for 5% to 10% of all injuries reported in triathletes. 4 Hip injuries in runners may be acute or chronic and may originate, radiate, or terminate in a large anatomic area encompassing the lower back, buttocks, thigh, or groin. Running generates loads of up to 8 times the body weight focused at the hip joint and relies heavily on hip flexion and knee extension. 13 Although the hip has approximately 140 degrees of motion, running generates a 40-degree arc of motion, 14 creating a constrained, repetitive, high-load focus in this region. Predisposing factors for hip injuries include excessive hip external rotation, previous injury (especially if incompletely rehabilitated), running distances of >64 km/wk, running year-round, a narrow tibial width, and decreased regional muscle strength. 15, 16 Most hip injuries can be treated nonoperatively, but the clinician must be able to identify the ones that require surgical intervention.
General considerations when evaluating hip pain in the triathlete include assessing gait and posture, surrounding joints and the spine for deformity, musculoskeletal asymmetry, and leg length discrepancy. 16 Radiographic imaging can rule out bony abnormalities or calcifications, and more serious injuries such as stress fractures, 17 which will be discussed in detail below.
Iliotibial Band Syndrome (ITBS)
ITBS can cause lateral knee pain (see ITBS under The Knee section), but it can also result in lateral hip pain. The iliotibial band (ITB) originates near the iliac crest as a tendinous extension of the tensor fasciae latae and gluteus muscles. Irritation results when the ITB rubs over the greater trochanter, and this friction increases with sudden increases in mileage, running on banked surfaces such as a pitched road, excessive running on a track in the same direction, downhill running, leg length discrepancies, and with genu varum or cavus feet. In addition, weakness or inhibition of the lateral gluteal muscles during the support phase of running causes improper eccentric abduction of the femur, improper support of the pelvic girdle, and myofascial tightness. 16, 18 Typically, pain is at the lateral hip, worse with running and improved by decreased activity; however, it can persist at rest. This pain may be sharp or burning, and it often worsens with climbing inclines or stairs. Physical examination findings include ITB tenderness to palpation, hip abductor weakness, and a positive Ober test. In Ober test, the patient lies in the lateral position on the unaffected leg, while the affected leg is abducted, extended, and allowed to adduct posterior to the unaffected leg. If lateral thigh pain is reproduced or if the leg does not reach at least a neutral position, the Ober test is positive. 16 Diagnostic imaging is required only to rule out any bony abnormalities if there is clinical concern.
The prognosis for ITBS is often good if underlying predisposing factors are addressed and the athlete can commit to adequate rest. Ice, stretching, and nonsteroidal anti-inflammatory drugs (NSAIDs) are standard treatment. It is rare that corticosteroid injections or surgical intervention are indicated for treatment of ITBS. 16 
Stress Fractures About the Hip
A femoral neck stress fracture is one of the most serious injuries of the hip region (Fig. 1) . Although it is a relatively uncommon injury, the diagnosis is often delayed and complications are common. 19 During running, tensile forces act on the lateral femoral neck and compressive forces on the inferior side; all these forces are several times body weight. Lateral tension-side stress fractures are much more serious than medial-side stress fractures and have a higher risk for delayed union, displacement, and nonunion.
When lower extremity bones are subjected to the repetitive stress of running, the physiological response is a relative increase in osteoclastic activity over osteoblastic new bone formation, resulting in temporary structural weakening followed by periosteal new bone formation, providing structural reinforcement. With excessive stress, however, osteoclastic activity exceeds the osteoblastic activity, and a stress fracture results. In runners with normal bones, stress fractures can occur from overtraining because of some combination of increased frequency, intensity, and/ or duration of runs. Typical stress fractures, seen in normal bone under excessive strain, should be differentiated from insufficiency stress fractures, which are seen in individuals with low bone mineral density subjected to relatively normal strain. Other risks factors for developing stress fractures are related to sex and bone mineral density. The female athlete triad is a well-known association of disordered eating, menstrual regularities, and low bone mineral density.
A femoral neck stress fracture causes anterior hip or groin pain that is exacerbated by running. Groin, thigh, or medial knee pain typically has an insidious onset that worsens as running intensity or duration increases. Pain that is initially present only toward the end of a long run starts occurring earlier as the stress fracture propagates. Patients may walk with a limp and note progressively longer periods to symptomatic resolution after a run. Rest pain or pain that awakens the runner at night may also occur. Pain is exacerbated with a straight leg raise, hip "log rolling," and single-leg stance. Conventional radiographs are typically negative in the acute setting; findings often appear Z2 weeks after the onset of clinical symptoms. Magnetic resonance imaging (MRI) is the gold standard for early diagnosis and should be ordered when conventional radiographs are negative and a stress fracture is suspected. Complications of femoral neck stress fractures include nonunion, malunion, osteonecrosis, and arthritis. Lateralside or tension-side stress fractures are more likely than medial-side stress fractures to displace and therefore have a higher risk of complication, and are usually treated with internal fixation. Compression-side fractures can often be successfully treated nonoperatively with protected weightbearing, close observation, and frequent radiographic monitoring to assess healing. Return to running should be considered only when radiographs show complete healing and the appropriate functional progression is completed.
Other less common stress fractures around the pelvis may involve the sacrum and pubic ramus. Patients with sacral stress fractures report pain in the lower back and gluteal regions, which can present a diagnostic challenge. Conventional radiographs are particularly difficult to interpret and are frequently negative. Patients with pubic ramus stress fractures may experience groin pain, and may initially be misdiagnosed with an adductor strain. 19 Although sacral and pubic ramus stress fractures are rarely displaced and patients are not likely to develop complications, they can result in long-term morbidity with a prolonged recovery period.
Hip Bursitis/Greater Trochanter Pain Syndrome (GTPS)
Bursae are fluid-filled sacs that serve as cushions between protruding bone and nearby soft tissues to prevent friction and irritation; however, they can be a source of pain for runners. Of the multiple bursae around the hip, the most common to develop symptomatic irritation are the trochanteric, ischial, and iliopectineal bursae. 16 The trochanteric bursa, or the deep subgluteus maximus bursa, is the most commonly affected. Trochanteric bursitis is also commonly called "GTPS" because the manifestations of bursitis, such as warmth and erythema, are rarely present. The trochanteric bursa is encompassed by the tendons of the gluteus maximus, medius, and minimus, 20 and 1 theory is that the bursal irritation may be secondary to gluteus medius and minimus tendonopathies. 21 Risk factors for GTPS are those that accentuate the interaction between the structures the bursa separates, for example, runners who adduct beyond the midline or run on a banked surface, runners with a prominent trochanter, and those with a wider pelvis. A woman's pelvis is wider than a man's, providing an explanation for the higher incidence of GTPS in women. 14 The clinical presentation is persistent pain that is worse when lying on the affected side and with running and other strenuous physical activities, prolonged standing or rising to standing from a seated position, sitting with crossed legs, or climbing stairs. 20 Fifty percent of patients may describe pain radiating down the lateral thigh to the knee, or even distal to the knee, 16, 22 presenting a diagnostic challenge because these symptoms may mimic those of lumbar radiculopathy. GTPS is confirmed with tenderness to palpation over the greater trochanter, often so tender that a patient's reaction has been coined the "jump sign." 20, 21 Pain can be replicated with extreme adduction, forward flexion, or forced hip abduction. 21 Most cases of GTPS will resolve with nonoperative management, using NSAIDs, rest, and stretching of the affected tendons. Weight loss, physical therapy, muscle strengthening, increasing flexibility, and improving joint mechanics are also suggested. 20 Anesthetic or steroid injections can be used, not only for pain management, but also for diagnosis. Refractory cases may be treated operatively with excision of the affected bursa or bony prominence, or lengthening of the affected tendon. 16, 20 Snapping Hip Syndrome Snapping hip syndrome, or coxa saltans, is a snapping sensation and/or sound that occurs at the hip with hip motion. 16, 22 It can be further classified as external or internal. External snapping hip syndrome, the first described, is the more common syndrome. 17 It is caused by the ITB, tensor fascia lata, or gluteus maximus tendon sliding over the greater trochanter as the hip is extended from a flexed, externally rotated, and abducted position. Internal snapping hip syndrome occurs when the iliopsoas snaps over the ileopectoneal eminence, the femoral head, the lesser trochanter, or the anterior hip capsule. 1 Other possible explanations for internal snapping hip syndrome include the biceps femoris moving over the ischial tuberosity, the ileofemoral ligament passing over the femoral head, acetabular labral tears, loose bodies, or recurrent hip subluxation. 16 The patient will usually be able to reproduce the snapping with flexion or extension of the hip; and the clinician may also be able to reproduce this snapping with hip flexion/extension as the patient lies in the decubitus position. In external snapping hip syndrome, the snapping may be audible, palpable over the greater trochanter, or even visible under the skin. Radiographs can be obtained to rule out loose bodies or synovial chondromotosis, potential causes of internal snapping hip syndrome. 23 Patients may be asymptomatic, in which case no treatment is necessary. For symptomatic patients, rest, NSAIDs, stretching, and physical therapy should be recommended. Corticosteroid injections into the greater trochanteric bursa may also provide relief. If nonoperative treatment fails to resolve symptoms, surgical treatment with open or arthroscopic ITB release or Z-plasty lengthening can be considered. 17, 23 
THE KNEE
The most common location of overuse injuries in runners is the knee. 24, 25 In triathletes, knee injuries account for 25% to 30% of all training-related injuries. 4 Of the knee overuse injuries, anterior knee pain is the most common. During running, the knee exhibits a 95-degree arc of motion, 14 and the forces exerted about the knee are 4.7 to 6.9 times body weight at the patellar tendon, and 7.0 to 11.1 times body weight at the patellofemoral joint. These forces are the greatest during the midsupport and push-off phases of running. The knee flexion moment during running is approximately 5 times that of walking. 26 Evaluation of knee pain must include assessment of the hip and ankle, leg length, patellofemoral mechanics, and ankle dorsiflexion. If ankle dorsiflexion is <10 degrees, compensatory ankle pronation occurs during the support phase of running, which can lead to malalignment of the knee secondary to internal rotation of the tibia. Compensatory ankle pronation also occurs if subtalar joint eversion to inversion ratio varies from the normal 1:30 (normal eversion is 8 degrees; normal inversion is 25 degrees). 26 
Anterior Knee Pain in Runners
Anterior knee pain in runners is multifactorial. The diagnosis of patellofemoral pain syndrome (PFPS), "runner's knee," implies pain originating from the patella and retinaculum but by definition excludes other intra-articular or peripatellar abnormality. 27 Chondromalacia patellae specifically implies softening of the patellar articular cartilage. Patellar tendinopathy is a degenerative process of the patellar tendon. All 3 of these common causes of anterior knee pain are thought to be related to multiple factors, including overuse, trauma, and abnormal biomechanics. The patellofemoral joint, composed of the patella and the femoral trochlea, has dynamic and static stabilizers. Patellar maltracking, 1 cause of anterior knee pain, can result from imbalances in these stabilizers.
Classic PFPS is characterized by insidious onset of dull pain around the patella, most often anteriorly. Runners describe worsening pain with running or prolonged sitting (theater sign). The patient's history may include trauma and/ or overuse. Examination of the patellofemoral joint includes evaluation for patellar maltracking, vastus medialis obliquus atrophy, ITB and quadriceps tightness, and lateral patellar tracking in terminal extension (J-sign). Additional examination includes patellar glide, tilt, and apprehension tests. Hamstring, quadriceps, ITB, and gastrocnemius flexibility should be evaluated. Hip strength and gait analysis can aid in a comprehensive examination. Radiographs are used as an adjunct to evaluation, especially with a history of trauma, effusion, or persistent pain. MRI can be used to assess for patellar chondral lesions, patellar stress fractures, loose bodies, or other intra-articular abnormality in patients who do not respond to initial nonoperative therapy.
Initial treatment for PFPS should always begin with relative rest to reduce patellofemoral joint loading. A rehabilitation program can be guided by deficiencies found on the physical examination. For example, a quadriceps strengthening program can address vastus medialis obliquus atrophy, theoretically improving patellar tracking. Strengthening weak core or hip muscles or improving the flexibility of tight hamstrings or an ITB may also help. Most clinicians believe that physical therapy is the best initial treatment for PFPS. Other treatments (eg, analgesics, bracing, patellar taping, and foot orthosis) can address symptomatic relief. Surgical intervention is rarely indicated for patients with isolated PFPS.
Pain at the inferior pole of the patella, often called "jumper's knee" or "patellar tendinitis" is better termed patellar tendinopathy because the etiology has generally been suggested to be degenerative rather than inflammatory. 28 Runners with patellar tendinopathy may describe knee pain that is worse with knee extension, and in some cases, pain can improve during activity. The patellar tendon is typically tender to palpation at the proximal insertion on the patella. Pain is also usually present in the same area with resisted knee extension. Imaging of the patellar tendon may show calcifications on radiographs or degenerative changes on MRI. A recent review of randomized controlled trials concluded that the literature lacks well-designed studies from which to draw strong conclusions regarding optimum therapy. 29 However, evidence does suggest that treatments specifically geared toward eccentric strengthening are helpful in the prevention and treatment of this entity. 30 Other treatment options under investigation include ultrasound and shockwave therapy. A more recent treatment option is to inject platelet-rich plasma into the area of the degenerative tendon. To date, there has been 1 study on platelet-rich plasma injections for patellar tendinopathy; it involved 20 male athletes with persistent patellar tendinosis. 31 Although that study showed improvements in pain scores, more investigation is needed before universal acceptance is given to this treatment option.
ITBS at the Knee
ITBS is the most common cause of lateral knee pain in runners; it also causes lateral hip pain (see ITBS under The Hip section). At the knee, the ITB inserts on Gerdy tubercle of the lateral tibia, the fibular head, and the lateral patellar retinaculum. At Gerdy tubercle, the ITB fibers blend with those of the biceps femoris and lateral quadriceps. Irritation of the ITB occurs as a result of repetitive friction over the lateral femoral epicondyle, typically occurring at 30 degrees of knee flexion. The posterior fibers of the ITB are tighter than the anterior fibers because they overlie the lateral epicondyle. 31 Running in the same direction on a track, running downhill, leg length discrepancy, and higher weekly mileage can all exacerbate ITBS. In downhill running, decreased knee flexion can lead to increased contact between the ITB and the lateral femoral epicondyle. 18 Factors that decrease ankle dorsiflexion, which in turn increases ankle pronation and knee flexion, may also contribute to development of ITBS because each of these mechanical variations interfere with the optimal rotational and adductor moments of running. Increased ankle pronation occurs with a tight gastrocnemius or soleus, metatarsus adductus, forefoot varus, or femoral or tibial torsion. 18 It has also been shown that weak hip abductors are associated with ITBS, consistent with the idea that an increased internal rotational moment of the thigh results in an increased valgus vector at the knee, which subsequently creates more tension on the ITB. 32 ITBS of the knee manifests as a sharp or burning pain at the lateral knee. In the early stages, the pain will dissipate once running has ceased; however, it will recur with the next attempt at running. In more severe cases, pain can be present during walking or when ascending or descending stairs. The runner may have tenderness to palpation over the distal ITB, approximately 2 to 3 cm proximal to the joint line. Occasionally, there is swelling in this area. 18 The Noble compression test may reproduce the patient's pain; it is performed with the patient on his or her side, with the clinician elevating and flexing the affected knee to 90 degrees, and then applying pressure over the lateral femoral epicondyle while the patient extends the knee. Pain will usually occur around 30 degrees of flexion, the position of greatest contact between the ITB and lateral femoral epicondyle. 33 Imaging is not always necessary if clinical suspicion is high; radiographs, when obtained, may reveal a prominent lateral femoral epicondyle. 18 Treatment includes rest, ice, and NSAIDs and behavior modification to avoid the training patterns prone to the development of ITBS. If a leg length discrepancy of Z1 cm is noted, a trial of a shoe lift may be warranted. Once initial inflammation has subsided, ITB stretching and then muscle strengthening can be initiated. It is rare that surgical intervention is pursued. Surgical treatment of ITBS of the knee involves a Z-lengthening or resection of a portion of the ITB overlying the lateral femoral epicondyle. Once running is again attempted, it is important to resume the preinjury training regimen gradually. 18 
THE LOWER LEG
The lower leg accounts for 5% to 10% of all triathletereported injuries. 4 Exercise-related lower leg pain is hypothesized to result from the lower leg's shock-absorbing role as forces progress from the foot to the knee. Lower leg pain is most commonly seen in runners or athletes in jumping sports. 34 
Stress Fractures at the Lower Leg
Running-induced stress fractures, perhaps the runner's most feared injury, most commonly affect the tibia. 35 Tibial stress fractures occur in several predictable locations: the anterior tibial crest has the worst prognosis, but the posteromedial cortex is the most common location and is considered low risk. 19 Stress fractures of the anterior tibial crest location occur on the tension side of the tibia and have a higher risk of nonunion, whereas compression-side stress fractures of the posteromedial cortex generally heal uneventfully with weightbearing restrictions. As with most stress fractures, symptom onset is insidious, without specific trauma. Initially, symptoms occur toward the end of the run, but they increasingly occur earlier during the course of a run as the fracture worsens. Patients may complain of a limp, rest pain, and even night pain. A point-tender, palpable prominence along the tibial crest may develop as the bone attempts to heal, and bending or twisting forces applied by the examiner cause pain at the fracture site. 35 The bending force, or "fulcrum test," is also useful in diagnosing midshaft long bone stress fractures. 19 Conventional radiographs are often negative in the first couple of weeks, but they will eventually show areas of sclerosis with healing, especially on the compression side. The so-called "dreaded black line" is the classic radiographic finding representing delayed healing of the anterior tibial crest stress fracture (Fig. 2) . Although posterior medial stress fractures will almost always heal with restricted weightbearing, anterior crest stress fractures are notoriously slow to heal and often require surgical intervention with intramedullary rod fixation.
Less commonly, stress fracture of the distal tibia may involve the medial malleolus. These fractures are relatively infrequent and occur in a vertical plane at the junction of the medial malleolus and tibial plafond. The treatment for nondisplaced fractures is nonoperative and facilitated by pneumatic braces. For displaced fractures, internal fixation with screws is usually indicated.
Shin Splints/Medial Tibial Stress Syndrome (MTSS)
Pain in the posteromedial aspect of the distal two thirds of the tibia is commonly caused by MTSS. MTSS is a periostitis caused by excessive stress on the medial border of the tibia related to multiple factors, including training intensity, foot wear, and training surface. 36 In addition, biomechanical factors such as overpronation and anatomic factors such as navicular drop may also play a role in the etiology. MTSS classically presents as a dull, achy, often bilateral pain distally along the medial tibia. Activity exacerbates the pain and rest alleviates it. The athlete has diffuse tenderness to palpation along the distal medial tibia. Associated factors often include hindfoot valgus and hyperpronation of the forefoot. MTSS must be differentiated from stress fractures, which are usually tender in a more localized area. MTSS can also be confused with chronic exertional compartment syndrome, which generally causes activity-related cramping, tightness, and neurological symptoms. Radiographs are typically normal but are important to rule out a stress fracture. MRI is generally not necessary but can be used to determine periosteal edema and to rule out more subtle stress reactions or fractures not noted on radiographs.
Treatment includes relative rest, and in triathletes it is important to consider cross-training for conditioning purposes. To our knowledge, no study has yet shown that any intervention is better than rest. 37 Calf muscle training, orthotics geared toward the correction of overpronation, soft-tissue treatments, ultrasound, and gait retraining are reasonable rehabilitative options for these athletes.
Achilles Tendinopathy
Pain in the area of the Achilles tendon is ubiquitous in athletes. Much like patellar tendinopathy, this process is thought to be degenerative in nature. The initial presentation is an atraumatic, sharp discomfort of insidious onset that may occur anywhere along the course of the Achilles tendon. The clinician can elicit pain with resisted plantar flexion. Radiographs are generally normal but may show calcifications or posterior heel spurring. MRI and ultrasound, although not necessarily indicated in initial workup, would show degenerative findings in the area of the tendon.
Treatment options vary depending on the severity of symptoms, the performance limitations of the athlete, and the location of the tendinopathy on the Achilles tendon. The best recommendations are relative rest and rehabilitation programs geared toward eccentric calf strengthening. However, there are many other treatment options, including topical glyceryl nitrate and platelet-rich plasma and sclerosing agent injections. Although preliminary studies have been promising, more work needs to be done before any one of these treatments can be considered optimum. If nonoperative measures have failed, surgical debridement of the affected portion of the tendon may be considered. Addressing gaitrelated biomechanical factors that place stress on the tendon may relieve or prevent these symptoms.
THE FOOT
Injuries in the foot make up 10% to 15% of those reported by triathletes. 4 General considerations when evaluating an athlete with foot complaints include analysis of gait, as with injuries in the hip and knee, but with a focus on foot structure (whether pes cavus or pes planus) and foot/ankle biomechanics (pronation, supination). 3 The cavus foot has been cited as prone to injury during running because of increased pressure transmission during the support phase of running, an overall decreased weightbearing surface area, and an increased rigidity that translates to a decreased shock-distribution ability. 24, 38 Foot pronation is actually protective against running injuries because it distributes impact forces throughout the foot over a longer period of time. However, overpronators or underpronators are more prone to injury. 10, 38 Recent focus has also shifted toward foot wear (see the Barefoot running section).
Stress Fractures of the Foot
Tarsal navicular stress fractures are more common in jumpers and hurdlers than in long-distance runners, but they may cause substantial pain and morbidity in the triathlete. 39 The navicular bone is vulnerable because of the compressive force it receives between the talus and cuneiforms during heel strike and because its central portion has a relatively decreased vascular supply compared with its medial and lateral portions. Like most stress fractures, patients describe an insidious onset often associated with a change in training regimen. The patient is tender on the dorsal aspect of the navicular, and the pain is exacerbated by jumping. MRI is indicated when conventional radiographs are negative, and computed tomography is particularly useful for assessing for a cortical defect. Treatment of incomplete fractures is nonweightbearing and close observation. If the cortex has been violated, surgical intervention is usually indicated.
The most common location for stress fractures in the foot is the metatarsals, usually in the middiaphyseal region of the second and third metatarsals, referred to as "march fractures." The history typically reveals a change in FIGURE 3 . The "march" fracture: stress fractures of the second or third metatarsal. Callus is evident as the second metatarsal fracture heals; this callus is often palpable and is a key to diagnosis.
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Triathlon: Running Injuries training. Diagnosis is frequently made by palpating the prominent dorsal callus that occurs as the fractures are healing (Fig. 3) . Treatment is based on the intensity of the symptoms and may include hard-soled shoes, walking cast boots, or even nonweightbearing for several weeks. In contrast to these low-risk fractures, higher risk stress fractures occur in the proximal fifth metatarsal. Although this location is much less common, they are important to identify because they can result in delayed healing, nonunion, and prolonged morbidity in runners. As in the navicular, the limited blood supply to this region of the bone is believed to play a role. Point tenderness over the proximal and lateral aspects of the fifth metatarsal is identified, and in subacute cases, fracture callus may be palpable. For acute nondisplaced fractures, the treatment is nonweightbearing for subacute and chronic fractures, and in high-level athletes, early surgical intervention with intramedullary screw fixation can be considered.
Plantar Fasciitis
The plantar fascia extends from the medial tubercle of the calcaneus to the metatarsal heads, creating a supportive longitudinal arch for the foot. 40 Plantar fasciitis, a common overuse injury in runners, is the symptomatic manifestation of degeneration of the plantar fascia at its attachment site on the inferior aspect of the calcaneus, thought to be caused by microscopic tearing or irritation secondary to overload. 41, 42 Predisposing factors are thought to include excessive pronation, a tight Achilles tendon, or a flat or cavus foot structure. 42 Limited ankle dorsiflexion of r10 degrees is thought to be linked to development of this condition, perhaps because it causes overpronation of the subtalar joint, which in turn heightens the plantar aponeurosis tensile load. 43 Runners make up 76% of athletes with this diagnosis. 40 The typical presentation is an insidious onset of sharp, throbbing, or searing pain on the medial side of the heel, worst with the first step in the morning or after a prolonged period of rest. 40, 44 This pain is exacerbated by walking barefoot, walking up stairs, or walking on the toes. 44 Typically, plantar fasciitis is self-limiting, but some athletes may have symptoms that persist 6 to 18 months, or even longer. Nonoperative treatment modalities include relative rest to relieve the repetitive loading at the plantar aponeurosis, stretching, or arch supports. Stretching modalities include nighttime dorsiflexion braces that allow for continuous passive stretching, rolling the foot over a ball or can, and stretching of the Achilles-gastrocnemius complex. Corticosteroid injections have shown early pain relief; however, long-term pain relief is often not achieved. 44 In addition, multiple corticosteroid injections have potentially been linked to patellar fascia rupture. Extracorporeal shockwave therapy has been used to treat patients who have had pain for >6 months. Extracorporeal shockwave therapy entails acoustic waves delivered in rapid succession with the intention of creating an inflammatory response in the targeted tissues, in turn inducing neovascularization and healing. Injection of platelet-rich plasma has been investigated as a potential treatment for plantar fasciitis, as it is with patellar tendonitis, but it remains to be seen whether it will be a viable treatment option. 45, 46 For plantar fasciitis unresponsive to other treatment modalities, surgical transection (open or arthroscopic) of the plantar aponeurosis can be effective; however, complications of this procedure, including foot flattening and heel hypoesthesias, must be weighed. 40 "BAREFOOT" RUNNING Although barefoot running can be considered the earliest form of running, it is a relatively new movement for runners who, until recently, mostly wore well-padded, wellsupported running shoes, which were introduced in the 1970s. 38 One reason for the increased popularity of barefoot running (or minimalistic running, ie, wearing shoes with little to no padding) is that overuse injuries are in part related to the biomechanics of running, which are in turn influenced by shoe wear. Some purport that well-padded shoes result in a decreased perceived impact compared with what the runner actually experiences, which can predispose to injury. Others point to the running shoe's well-padded design as being a source of poor running technique. 47 In a study comparing injured and noninjured runners, the former tended to replace their shoes sooner than did the latter, although all runners wore their shoes far longer than the recommended length of time. 24 This finding still provides an interesting insight into the perhaps negligible role of shoe wear in preventing injury.
Barefoot running has been shown to induce a switch from rearfoot to forefoot running, which decreases impact forces and decreases mechanical stress at the heel while improving ankle flexor activation. 48 Barefoot running has also been associated with increased proprioceptive ability and increased economy of running. 49 In 1 retrospective study, runners whose strides invoked lower impact forces and allowed for more rapid foot pronation had fewer injuries. 10 Barefoot/minimalistic running is gaining popularity among runners; however, we still need definitive studies showing the benefit of this type of running.
THE FINISH LINE IS IN SIGHT (CONCLUSIONS)
The overuse injuries sustained in running tend to relate to repetitive loading of lower leg tissues that do not have the opportunity to adapt to these stresses because the frequency of the loading is too high or the load itself is too high. In general terms, a runner can prevent these injuries by avoiding excessive frequency or load, or eliminating those factors that increase load. 10 As with all overuse injuries, it is important to develop strategies to prevent recurrence. Particularly with reference to stress fracture prevention, it is important to remember that fatigued muscle is less effective at dispersing forces, which then tend to concentrate in the bone. 50 This stress concentration can be alleviated in many cases by scheduling rest days and cycling training techniques. Training choices, such as avoiding excessive downhill running, varying the direction one runs on a track, strengthening hip abductors, or perhaps even changing the mechanics of one's running stride, may all be modalities for decreasing the applied load to the lower extremities. Runners should also take to heart the importance of rest and realize that too frequent training runs can easily become detrimental to overall training. Injuries can sideline a runner for days, weeks, or even months at a time, and awareness of this possible outcome should provide incentive for building rest into one's training schedule. Allowing a few extra days or weeks to achieve a mileage or speed goal may in fact save a runner exponentially more time and frustration by preventing injury. Training at an optimal frequency and load interspersed with adequate rest can optimize the runner's ability to tolerate the stresses associated with the rigorous training required for triathlons. Training for the running portion of triathlons, as the saying goes, is not a sprint, but a marathon. The clinician well versed in the goals and motivation of triathlon-bound runners, the typical injuries that occur as described here, and the treatment of these injuries can guide an injured runner toward recuperation. But perhaps better for those with sights set on a triathlon is imparting the awareness of these injuries and how best to avoid them.
